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1
WIRELESS 3D STREAMING SERVER

BACKGROUND

1. Field

The present disclosure relates generally to wireless com-
munications, and more particularly, to the wireless streaming
of 3D images.

2. Background

3D motion pictures are becoming increasingly popular,
and as a result, the availability of 3D content is rapidly
increasing. Many viewers of traditional 2D content may wish
to convert that content into 3D content. Further, many users of
mobile devices such as wireless user equipment (UE) may
wish to carry this content with them, so that the 3D content
can be enjoyed on the go, and shared with colleagues, friends,
family, and business partners.

However, if 3D content is stored on a UE, the UE typically
includes a very small display screen, making the viewing of
3D movies on the UE less enjoyable for a user. Further, there
are very few phones currently available thathave a3D display
or support 3D rendering.

Thus, there is a push in the field for a continued improve-
ment in user experience and mobility relating to 3D content.

SUMMARY

Some aspects of the present disclosure provide an efficient
way for user equipment (UE) to stream 3D content to aremote
3D display for the viewing of the 3D movie on a larger screen.
Thus, the UE becomes a wireless 3D streaming server, and the
remote display becomes a client for the 3D motion picture.

In one aspect of the disclosure, the streaming server may
encode the 3D motion picture content in a certain format,
where each image frame includes a 2D view concatenated
side-by-side with a complementary frame of depth informa-
tion. The combination of the 2D view and the depth informa-
tion are capable of being processed by a client display to
generate a stereoscopic image representing a 3D view.

The concatenated frame including the side-by-side 2D
view and depth information may be wirelessly streamed from
the streaming server to the client. Utilizing the encoding
described above, the required bandwidth for streaming is
reduced relative to the streaming of stereoscopic images,
since the depth information may be considered as a mono-
chromatic image, where the depth associated with each pixel
is represented by a single number.

A feature of this format is that the depth information may
simply be truncated, and a 2D image may be displayed. For
example, in a legacy 2D client display, the depth information
may be ignored.

Another feature is that the wireless streaming server (the
UE) can display the 2D movie corresponding to half of the
concatenated frame on its local display at the same time as the
remote client 3D display is displaying the 3D image.

In another aspect of the disclosure, the concatenated frame
including the side-by-side format may be encoded utilizing
an extension to the Session Description Protocol (SDP). In
this way, backwards compatibility with SDP-compliant
legacy devices can be maintained, as they would be unaware
that the depth information part of the frames was even there,
and would display the 2D image part normally.

In another aspect of the disclosure, the SDP is further
extended to provide an indication that the streaming content is
actually 3D content. Thus, an additional information element
is included in the SDP stream to indicate that the stream is 3D.
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2

In an aspect of the disclosure, a method of streaming media
content from a streaming server includes providing three-
dimensional (3D) media content at the streaming server,
establishing a streaming session between the streaming
server and a streaming client, and transmitting the media
content to the streaming client over the streaming session, for
remote rendering and display of a 3D image.

In another aspect of the disclosure, a streaming server
includes a file parser configured to extract 3D media content
from a content source, a multimedia messaging services mod-
ule configured to establish a streaming session with a stream-
ing client, and a wireless transmitter configured to stream the
3D media content to the streaming client over the streaming
session.

In another aspect of the disclosure, a method of wireless
communication includes receiving media content from a
streaming server over a wireless streaming session, the media
content comprising a two-dimensional (2D) image and a cor-
responding depth map, synthesizing a three-dimensional
(3D) image based on the 2D image and the depth map, and
rendering the 3D image on a display.

In another aspect of the disclosure, a streaming client
includes a wireless receiver configured to receive a stream
comprising three-dimensional (3D) media content from a
streaming server, the 3D media content including a two-
dimensional (2D) image and a corresponding depth map; a
3D filter for separating the 2D image from the corresponding
depth map; a depth image based rendering (DIBR) module
for generating a stereoscopic image based on the 2D image
and the corresponding depth map; and a display driver for
rendering the stereoscopic image on a display.

Inanother aspect of the disclosure, an apparatus for stream-
ing media content from a streaming server includes means for
providing three-dimensional (3D) media content at the
streaming server, means for establishing a streaming session
between the streaming server and a streaming client, and
means for transmitting the media content to the streaming
client over the streaming session, for remote rendering and
display of a 3D image.

In another aspect of the disclosure, an apparatus for wire-
less communication includes means for receiving media con-
tent from a streaming server over a wireless streaming ses-
sion, the media content comprising a two-dimensional (2D)
image and a corresponding depth map, means for synthesiz-
ing a three-dimensional (3D) image based on the 2D image
and the depth map, and means for rendering the 3D image on
a display.

In another aspect of the disclosure, a computer program
product includes a computer-readable medium having code
for providing three-dimensional (3D) media content at a
streaming server, code for establishing a streaming session
between the streaming server and a streaming client, and code
for transmitting the media content to the streaming client over
the streaming session, for remote rendering and display of a
3D image.

In another aspect of the disclosure, a computer program
product includes a computer-readable medium having code
for receiving media content from a streaming server over a
wireless streaming session, the media content comprising a
two-dimensional (2D) image and a corresponding depth map,
code for synthesizing a three-dimensional (3D) image based
on the 2D image and the depth map, and code for rendering
the 3D image on a display.

Inanother aspect of the disclosure, an apparatus for stream-
ing media content from a streaming server includes a proces-
sor and a memory coupled to the processor, wherein the
processor is configured to provide three-dimensional (3D)
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media content at the streaming server, to establish a streaming
session between the streaming server and a streaming client,
and to transmit the media content to the streaming client over
the streaming session, for remote rendering and display of a
3D image.

In another aspect of the disclosure, an apparatus for wire-
less communication includes a processor and a memory
coupled to the processor,

wherein the processor is configured to receive media con-
tent from a streaming server over a wireless streaming ses-
sion, the media content comprising a two-dimensional (2D)
image and a corresponding depth map, to synthesize a three-
dimensional (3D) image based on the 2D image and the depth
map, and to render the 3D image on a display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a conceptual diagram illustrating an example of a
hardware implementation for an apparatus employing a pro-
cessing system.

FIGS. 2A-2C are simplified block diagrams illustrating
exemplary apparatuses for generating a concatenated
2D+depth file, streaming the concatenated 2D+depth file, and
receiving and displaying the concatenated 2D+depth file as a
3D image, respectively.

FIG. 3 is a diagram illustrating one example of a concat-
enated 2D+depth frame in accordance with an aspect of the
disclosure.

FIGS. 4A-4C are simplified block diagrams illustrating
exemplary apparatuses for generating separate 2D+depth
files, streaming the separate 2D+depth files, and receiving the
separate 2D+depth files and displaying a 3D image, respec-
tively.

FIG. 5 is a block diagram illustrating further details of a
particular implementation of a streaming server in accor-
dance with an aspect of the disclosure.

FIG. 6 is a block diagram illustrating further details of a
particular implementation of a streaming client in accordance
with an aspect of the disclosure.

FIG. 7 is a flow chart illustrating a process for streaming
media content from a streaming server in accordance with an
aspect of the disclosure.

FIG. 8 is a flow chart illustrating a process for wireless
communication in accordance with an aspect of the disclo-
sure.

DETAILED DESCRIPTION

The detailed description set forth below in connection with
the appended drawings is intended as a description of various
configurations and is not intended to represent the only con-
figurations in which the concepts described herein may be
practiced. The detailed description includes specific details
for the purpose of providing a thorough understanding of
various concepts. However, it will be apparent to those skilled
in the art that these concepts may be practiced without these
specific details. In some instances, well known structures and
components are shown in block diagram form in order to
avoid obscuring such concepts.

Several aspects of telecommunication systems will now be
presented with reference to various apparatus and methods.
These apparatus and methods will be described in the follow-
ing detailed description and illustrated in the accompanying
drawing by various blocks, modules, components, circuits,
steps, processes, algorithms, etc. (collectively referred to as
“elements”). These elements may be implemented using elec-
tronic hardware, computer software, or any combination
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thereof. Whether such elements are implemented as hardware
or software depends upon the particular application and
design constraints imposed on the overall system.

By way of example, an element, or any portion of an
element, or any combination of elements may be imple-
mented with a “processing system” that includes one or more
processors. Examples of processors include microprocessors,
microcontrollers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), state machines, gated logic, discrete hard-
ware circuits, and other suitable hardware configured to per-
form the various functionality described throughout this dis-
closure. One or more processors in the processing system
may execute software. Software shall be construed broadly to
mean instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules, appli-
cations, software applications, software packages, routines,
subroutines, objects, executables, threads of execution, pro-
cedures, functions, etc., whether referred to as software, firm-
ware, middleware, microcode, hardware description lan-
guage, or otherwise. The software may reside on a computer-
readable medium. The computer-readable medium may be a
non-transitory computer-readable medium. A non-transitory
computer-readable medium include, by way of example, a
magnetic storage device (e.g., hard disk, floppy disk, mag-
netic strip), an optical disk (e.g., compact disk (CD), digital
versatile disk (DVD)), a smart card, a flash memory device
(e.g., card, stick, key drive), random access memory (RAM),
read only memory (ROM), programmable ROM (PROM),
erasable PROM (EPROM), electrically erasable PROM (EE-
PROM), a register, a removable disk, and any other suitable
medium for storing software and/or instructions that may be
accessed and read by a computer. The computer-readable
medium may be resident in the processing system, external to
the processing system, or distributed across multiple entities
including the processing system. The computer-readable
medium may be embodied in a computer-program product.
By way of example, a computer-program product may
include a computer-readable medium in packaging materials.
Those skilled in the art will recognize how best to implement
the described functionality presented throughout this disclo-
sure depending on the particular application and the overall
design constraints imposed on the overall system.

FIG. 1 is a conceptual diagram illustrating an example of a
hardware implementation for an apparatus 100 employing a
processing system 114. In this example, the processing sys-
tem 114 may be implemented with a bus architecture, repre-
sented generally by the bus 102. The bus 102 may include any
number of interconnecting buses and bridges depending on
the specific application of the processing system 114 and the
overall design constraints. The bus 102 links together various
circuits including one or more processors, represented gen-
erally by the processor 104, and computer-readable media,
represented generally by the computer-readable medium 106.
The bus 102 may also link various other circuits such as
timing sources, peripherals, voltage regulators, and power
management circuits, which are well known in the art, and
therefore, will not be described any further. A bus interface
108 provides an interface between the bus 102 and a trans-
ceiver 110. The transceiver 110 provides a means for com-
municating with various other apparatus over a transmission
medium. Depending upon the nature of the apparatus, a user
interface 112 (e.g., keypad, display, speaker, microphone,
joystick) may also be provided.

The processor 104 is responsible for managing the bus 102
and general processing, including the execution of software
stored on the computer-readable medium 106. The software,
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when executed by the processor 104, causes the processing
system 114 to perform the various functions described infra
for any particular apparatus. The computer-readable medium
106 may also be used for storing data that is manipulated by
the processor 104 when executing software.

In the present disclosure, two-dimensional (2D) and three-
dimensional (3D) images are extensively discussed. Here,
images may refer to single still images, or a plurality of
images adapted to be viewed in sequence as a motion picture.

Synthesis of 3D images from originally 2D content may
generally take place using one of two alternatives. First, the
synthesized 3D content may include a 2D view concatenated
with a corresponding depth map. Second, the synthesized 3D
content may include two views, i.e., a stereoscopic image
with a left view and a right view. Stereoscopic content may be
processed to generate the concatenated 2D+depth map
images.

The various aspects of the present disclosure discussed
below apply to both alternatives for synthesized 3D content,
or any other suitable option for synthesized 3D content.
Although the specific implementation detailed below empha-
sizes the first option, i.e., a 2D view and a corresponding
depth map, with small changes that a person having ordinary
skill in the art can easily implement, 3D streaming utilizing
stereoscopic images can be realized.

In a synthesized 3D stream, the 2D image may be concat-
enated side-by-side or top-to-bottom with the depth informa-
tion, and the concatenated frames may together be com-
pressed and/or encoded for transmission. On the other hand,
the 2D image and the corresponding depth map may be pro-
vided as two compressed files or two streams, e.g., within a
single container file for transmission. In a system having
suitable processing capabilities, on-the-fly variants of these
approaches may be used. Of course, to reduce the processing
resources needed for the encoder, and to reduce the band-
width needed for transmission of the stream, a motion picture
may be encoded at a reduced frame rate.

Providing the 3D images as the concatenated 2D+depth
frames, and encoding the frames together to be stored within
a single container file (e.g., an MP4 file) may reduce the need
to synchronize stereoscopic bitstreams. Further, even in the
case of errors in transmission, it may be easier to re-synchro-
nize the stream when utilizing the 2D+depth frames. More-
over, when a user stores the 2D+depth information in the
concatenated frames, there may be no need to keep track of
pairing between the 2D image and the corresponding depth
information, and that single file can be utilized for 3D play-
back as well as 2D playback by simply truncating the depth
information. However, concatenating the information
together may provide limited control over the bit rate alloca-
tion between the 2D image and the depth map.

FIG. 2A is a simplified block diagram of an apparatus for
synthesizing a file that contains a 2D image and a depth map
concatenated together (e.g., side-by-side), in accordance with
some aspects of the disclosure. As shown in FIG. 2, a video
source 302 may provide 2D or stereoscopic images to a depth
estimator 304. Here, the depth estimator 304 may generate a
depth estimation (Z) from the 2D or 3D image(s). This depth
estimation may then be concatenated side-by-side with the
2D image (or one of the two views in the case of a stereo-
scopic video source) into a single compressed file by block
306. Here, the compressed file may be generated utilizing a
standards-compliant container format, such as MP4 so that
conventional software and hardware components may be uti-
lized to play and stream the content of this file with few if any
changes. For example, changes to a conventional device
might include identifying the file as a 2D+depth source.
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In some aspects of the disclosure, this processing may be
done on the mobile device, or may be exported to be per-
formed on another system. Further, this processing may be
done offline, i.e., prior to the streaming of the content, or may
be performed in real-time or on the fly.

FIG. 3 is an illustration of a concatenated 2D+depth image
frame as it might be generated by the apparatus of FIG. 2A. In
the illustrated example, the image on the lefi-hand side 302 is
a 2D image, while the image on the right-hand side 304 is a
depth map corresponding to the 2D image. The depth infor-
mation includes monochromatic grayscale values. In this
respect, suitable compression settings should be utilized for
compression of the frame for optimal efficiency. For example,
if utilizing a compliant H.264 encoder, the concatenated
frame may be encoded by restricting the modes for the depth
map to be Intra only, and the depth map may be encoded
utilizing a lower QP value to increase its quality.

A mobile device may be utilized as a streaming source
(e.g., a server) for streaming the content to a remote client
having a 3D display, or a larger display than that available on
the mobile device. FIG. 2B is a simplified block diagram of a
streaming server for streaming the 2D+Z content in accor-
dance with some aspects of the disclosure. Block 208 is a
2D+7 file source, which may be the 2D+Z compressed file
generated by block 206 in FIG. 2A. The 2D+Z file source 208
may provide the 2D+Z file to a file parser 210. Here, the file
parser 210 may extract the media and meta-data from the
compressed file. A video tap-out block 212 may pass the
parsed content to an outgoing video stream block 218, to be
streamed to a remote client utilizing a suitable communica-
tion interface. Further, the video tap-out block 212 may pass
the parsed content to a local video decoder 214, which may
locally decode the video and provide the decoded content to
a video renderer 216. Thus, the video renderer 216 may
render the video content to be displayed on a local display. In
some aspects of the disclosure, the local decoding, rendering,
and display of the video content may be omitted or disabled.

Based on information stored in the file, the streaming
server may transmit an indication about the format of the
content (e.g., the content being 2D+Z, and in a side-by-side
format) to the remote client device. For example, the indica-
tion may be provided to the client utilizing a Session Descrip-
tion Protocol (SDP).

In SDP, each media source is generally described as a
“track.” Attributes of the track, compulsory or optional, may
be described in the SDP attribute lines. When streaming
2D+7 content, in one aspect of the disclosure, the streaming
server may add an optional attribute to the SDP description.
Here, because a media player with a 2D display may ignore
optional attributes, that media player would not regard the
concatenated frame as any different than a conventional 2D
frame. However, for a 3D-compliant player that understands
the 2D+7 format, this attribute can be parsed such that the
client can determine that the content is in the 2D+Z format
and embark upon further processing (e.g., decoding and ren-
dering).

FIG. 2C is a simplified block diagram illustrating a stream-
ing client for receiving the 2D+Z stream and displaying the
3D content in accordance with some aspects of the disclosure.
Block 220 represents the incoming video stream, which may
be provided by the outgoing video stream block 218 from the
streaming server illustrated in FIG. 2B. The incoming video
stream 220 may include the concatenated 2D+Z content and
corresponding metadata that describes the content as being in
the 2D+Z format. The incoming video stream 220 may be
provided to a video decoder 222, which may thereby decode
the incoming stream and pass the decoded stream to a
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2D+depth frame extractor 224. The frame extractor 224 may
separate the 2D and the depth frames, and may thereby pass
the separated frames to a 3D view synthesizer 226, which
utilizes the depth and 2D information to produce a 3D image.

In an aspect of the disclosure, synthesis of the 3D image
based on the extracted 2D and depth frames may be based on
depth image based rendering (DIBR). Here, a virtual view is
generated by modeling the setup as a shift-sensor stereo pair
with the same camera parameters, and projecting the points of
the 2D image onto the plane defined by the virtual view
according to the model and the depth of the points. Additional
details of DIBR are known to those skilled in the art, and are
omitted from the instant disclosure.

As described above, in another aspect of the disclosure,
rather than utilizing the concatenated 2D+Z format, a 2D
image and its corresponding depth map may be provided as a
pair of two compressed and/or encoded files or two streams.
In some examples, the two files may be provided within a
single container file (e.g., an MP4 container file) for trans-
mission.

Encoding the 2D image and the depth map separately may
provide increased flexibility and efficiency. Here, the 2D
image portion may be encoded utilizing standard H.264
encoding options, since the image sequence is similar to any
conventional video clip. As for the depth map, the encoding
settings may be appropriately modified to take advantage of
the fact that it may only contain grayscale values. Some of
these encoder settings include increasing the QP value for the
chroma component of the depth map, and inserting an Intra (I)
frame at regular intervals. Those having ordinary skill in the
art will comprehend additional settings to optimize the
encoding of the depth map. Further, encoding the 2D image
and the depth map separately may provide improved rate
control to meet potential network bandwidth restrictions, and
in the case of errors or complete loss of the depth map stream,
it is relatively simple to fall back to 2D playback. However,
although simple, unlike the concatenated frames, the separate
2D image and the depth map files may require synchroniza-
tion for proper playback of the 3D video. Further, some form
of identification mechanism may be required to identify the
corresponding depth map for a given 2D image file.

FIG. 4A is a simplified block diagram of an apparatus
400A for synthesizing two files that respectively contain a 2D
image and a depth map, in accordance with some aspects of
the disclosure. Here, a 2D or 3D video source 402 provides
video information to a depth estimation block 404, which
thereby produces a depth map from the respective video and
generates two separate files, i.e., a 2D file 406 and a depth (Z7)
file 408. The 2D file 406 and the Z file 408 may be compressed
files. A suitable mechanism for pairing the respective 2D file
406 and Z file 408 may be utilized, e.g., utilizing a naming
convention to relate the corresponding files, or embedding
pairing information into the file itself. In an aspect of the
disclosure, the 2D file 406 and the Z file 408 may be stored in
one container, e.g., by storing the different video objects in an
MP4 container file. In another aspect of the disclosure, the 2D
file 406 and the Z file 408 may be stored in separate file
containers with an association between the two by way of file
names or object IDs as described above.

FIG. 4B is a simplified block diagram of a streaming server
400B for streaming the 2D image file and the depth map file
in accordance with some aspects of the disclosure. Utilizing
this approach the streaming server may establish two parallel
processes: one for processing the file with the 2D content, and
another for processing the depth (Z) content. Further the
streaming server may notify the requesting client about the
respective video streams to be sent. Here, the 2D file source
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410 may be the 2D file 406 output by the 2D+Z synthesis
illustrated in FIG. 4A. Further, the Z file source 422 may be
the Z file 408 output by the 2D+Z synthesis illustrated in F1G.
4A.The 2D file from the 2D file source 410 is input into a first
file parsing module 412 to parse the 2D content stored in the
2D file and pass the parsed 2D content to the first video
tap-out block 414. Similarly, the Z file from the Z file source
422 is input into a second file parsing module 424 to parse the
depth content stored in the Z file and pass the parsed depth
content to a second video tap-out block 424. If the local
display in the streaming server supports 2D video display,
then the first video tap-out block 414 may branch the content
and send it to a local video decoder 416 for decoding the
parsed 2D video content. The video decoder 416 may then
pass the decoded video content to a video renderer 418 for
rendering and displaying the 2D video content. If the local
display in the streaming server supports 3D video display,
then the second tap-out block 424 may similarly branch the
depth content for local 3D decoding and rendering (not illus-
trated). The video tap-out blocks 414 and 424 may corre-
spondingly forward the respective parsed content to the out-
going video streaming modules 420 and 426, which may then
transmit the respective video streams to the remote client.

In a further aspect of the disclosure, corresponding or
associated 2D+Z data (e.g., associated through frame number
or sequence number fields) may be streamed on different
real-time transport protocol (RTP) ports of the same real time
streaming protocol (RTSP) session. In another aspect, the
path for the 2D file may be initialized first, and depending on
whether the client requests it, the path for the Z file may
follow.

FIG. 4C is a simplified block diagram illustrating a stream-
ing client for receiving the 2D image stream and the depth
stream and displaying the 3D content in accordance with
some aspects of the disclosure. Here, upon receiving the first
incoming video stream 428 including the 2D image stream,
and the second incoming video stream 438 including the
depth stream, the respective video streams are input into a first
video decoder 430 for decoding the 2D image stream and a
second video decoder 440 for decoding the depth stream. The
respective decoded frames are provided to a 2D frame pro-
cessor 432 and depth frame processor 442, which process the
respective decoded frames and synchronize the respective 2D
and depth frames to pass them to a 3D view synthesizer 434
for generating a 3D view. The 3D view synthesizer 434 then
generates the 3D view and sends it to a 3D display 436 for
displaying the 3D view.

In another implementation in accordance with some
aspects of the disclosure, a single container file that contains
the two video streams (i.e., one for the 2D content and the
other for the Z content) is streamed from the streaming server
to the streaming client. Here, at the streaming server, a single
parser module feeds the two video streams, which are thereby
sent to the streaming client.

Returning to FIG. 2B, illustrating a streaming server for
streaming concatenated 2D+Z content, FIG. 5 is a block
diagram illustrating further details of a particular implemen-
tation of a streaming server in accordance with an aspect of
the disclosure. That is, the illustrated example shows an
implementation utilizing a Microsoft Windows Media Player
502 utilizing a DirectShow multimedia framework. In the
illustrated example and the associated discussion below, it is
assumed that the streamed content is the same content being
locally played back on the streaming server. However, in an
aspect of the disclosure, a user may select any content avail-
able to the streaming server for streaming, independent of the
content being locally played.
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In FIG. 5, a media player application 502 is in communi-
cation with a media path including a 2D+Z file source 504, a
multimedia adapter and parser 506, a tap-out filter 508, a
decode filter 514, and a video renderer 516. In one example,
a user of the streaming server may invoke the media player
502 to play afile thatincludes 2D+Z content (e.g., from 2D+Z
file source 504). The media player 502 may then build a
DirectShow filter graph utilizing various filter components,
as illustrated. The parser 506 may extract the meta-data infor-
mation from the 2D+Z content, and pass the meta-data to a
tap-out filter 508, which may branch the meta-data to a mul-
timedia messaging services (MMS) application 510. Here,
the MMS application 510 may enable the streaming server to
act as an RTSP streaming server. That is, when an RTSP
session is established between a remote streaming client and
the streaming server, the MMS application 510 may send the
collected meta-data information as an SDP description to a
Wi-Fi module 512 which may then transmit the information
to the streaming client. This description may include the
indication that the content to be streamed includes 2D+Z
image content, so that the streaming client may process the
stream as a 3D stream. For example, the indication may be
included by providing an additional field in SDP indicating
that the content includes 2D+Z content. For example, the
indication may be included in the SDP description as:

a=Depth7:0x280,0x1E0

The parser 506 may further extract the video and audio
content from the 2D+Z file, and forward the video content to
the tap-out filter 508. The tap-out filter 508 may further pro-
vide the parsed 2D+Z content to the RTP server 510, which is
thereby provided to the Wi-Fi transceiver 512 to be streamed
to the streaming client. The tap-out filter 508 may further
provide the parsed information to a decode filter 514. When
the content additionally includes audio information, this
audio content may be correspondingly forwarded to a respec-
tive audio decode filter (not illustrated) as a parallel stream.
The video renderer 516 may then render the decoded content
from the decode filter 514 to be rendered locally on the
streaming server.

Returning now to FIG. 2C, which illustrates a streaming
client for receiving the 2D+Z stream and displaying the 3D
content, FIG. 6 is a block diagram illustrating further details
of'a particular implementation of a streaming client in accor-
dance with an aspect of the disclosure. That is, the illustrated
example shows an implementation utilizing a Microsoft Win-
dows Media Player 602 utilizing a DirectShow multimedia
framework.

InFIG. 6, amedia player application 602 establishes a filter
graph to receive and process received 2D+Z content, the filter
graph including an RTSP/RTP filter 606, a decode filter 608,
and an MMS-3D filter (CSC) 610. The streaming server fur-
ther includes a Wi-Fi module 602, a depth information based
rendering (DIBR) module 612, and a 3D Display Driver 614.

In one example, the streaming client receives the stream
sent from the streaming server at the Wi-Fi module 602,
including the 2D+Z content and the meta-data included in the
SDP information. The RTSP/RTP filter 604 receives the con-
tent from the Wi-Fi module 601 and routes it to the decode
filter 608, so that the decode filter 608 may decode the content
and provide the decoded content to the MMS-3D filter 610.
Here, the MMS-3D filter 610 may utilize the SDP informa-
tion to separate the video and depth portions from the decoded
frame, and pass them to the DIBR module 612 as two frames
representing the 2D image stream and the corresponding
depth information, respectively. The DIBR module 612 uti-
lizes this information to produce a stereoscopic image includ-
ing a left-view and a right-view frame, which are thereby
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10
provided to the 3D display driver 614. The 3D display driver
614 may then render these two views to display a 3D image.

FIG. 7 is a flow chart illustrating a process 700 for stream-
ing media content from a streaming server in accordance with
certain aspects of the present disclosure. In various aspects of
the present disclosure, the illustrated process may be
executed by the processing system 114 illustrated in FIG. 1,
the streaming server illustrated in FIGS. 2A and 2B or 4A and
4B, or any suitable apparatus for streaming media content. In
the illustrated process, in block 702, 3D media content is
provided at the streaming server. Here, the 3D media content
may include a stereoscopic image, or a 2D image and corre-
sponding depth frame. In block 704, the process determines
whether the streaming server will play back a local copy of
the media content. If yes, then in block 706, the streaming
server may render media content for local playback. The
process then moves to block 708, where, if the 3D media
content is stereoscopic content and lacks a depth frame, the
process may synthesize a depth frame based on the stereo-
scopic image. In block 710, the depth frame may be concat-
enated with a corresponding 2D image. In block 712, the
process may extrude meta-data corresponding to the media
content, the meta-data indicating that the media content
includes 3D content. In block 714, the process establishes a
streaming session between the streaming server and the
streaming client, and in block 716, the process transmits the
media content and associated meta-data to the streaming cli-
ent over the streaming session.

FIG. 8 is a flow chart illustrating a process 800 for wireless
communication in accordance with certain aspects of the
present disclosure. In various aspects of the present disclo-
sure, the illustrated process may be executed by the process-
ing system 114 illustrated in FIG. 1, the streaming client
illustrated in FIG. 2C, 4C, 5, or 6, or any suitable apparatus for
receiving media content. In the illustrated process, in block
802, the streaming client may receive media content and
associated meta-data from a streaming server over a wireless
streaming session, the media content including a 2D image
and a corresponding depth map. In block 804, the process
may separate the concatenated image+depth frame into a
separate 2D image and corresponding depth map. In block
806, the process synthesizes a 3D image based on the 2D
image and the depth map. In block 808, the process may
utilize depth information based rendering to produce a ste-
reoscopic image representing the 3D image, and in block 810,
the process may render the 3D image.

Referring now to FIG. 1, FIGS. 2A-2B, and FIGS. 4A-4B,
in one configuration, the apparatus 100 for streaming media
content from a streaming server may include means for pro-
viding three-dimensional (3D) media content at the streaming
server; means for establishing a streaming session between
the streaming server and a streaming client; means for trans-
mitting the media content to the streaming client over the
streaming session, for remote rendering and display of'a 3D
image; means for rendering the media content for local play-
back at the streaming server; means for rendering a two-
dimensional (2D) image based on the 3D media content;
means for extracting information about the media content,
adapted to indicate that the media content comprises 3D
content; means for transmitting the information about the
media content to the streaming client over the streaming
session; means for providing an information element in a
session description protocol (SDP) description of the media
content; means for synthesizing the depth frame from the 2D
image frame; means for synthesizing the depth frame from a
pair of 2D images representing a stereoscopic image; and/or
means for utilizing one of the pair of 2D images as the 2D
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image frame. In some aspects of the disclosure, the aforemen-
tioned means may be the processing system 114 configured to
perform the functions recited by the aforementioned means.
As described supra, the processing system 114 can include
the video source 202/402, the depth estimator 204/404, the
file source 208/410/422, the file parsing module 210/412/424,
the video tap out 212/414/424, the video decoder 214/416, the
video renderer 216/418, and/or the outgoing video stream
block 218/420/426. As such, in one configuration, the afore-
mentioned means may be the video source 202/402, the depth
estimator 204/404, the file source 208/410/422, the file pars-
ing module 210/412/424, the video tap out 212/414/424, the
video decoder 214/416, the video renderer 216/418, and/or
the outgoing video stream block 218/420/426 configured to
perform the functions recited by the aforementioned means.

Referring now to FIG. 1, FIG. 2C, FIG. 4C, and FIG. 6, in
another configuration, the apparatus 100 for wireless com-
munication may include means for receiving media content
from a streaming server over a wireless streaming session, the
media content including a two-dimensional (2D) image and a
corresponding depth map; means for synthesizing a three-
dimensional (3D) image based on the 2D image and the depth
map; means for rendering the 3D image on a display means
for receiving information about the media content from the
streaming server; means for separating the concatenated
frame into the 2D image and the corresponding depth map;
and/or means for utilizing depth information based rendering
(DIBR) to produce a stereoscopic image representing the 3D
image. In some aspects of the disclosure, the aforementioned
means may be the processing system 114 configured to per-
form the functions recited by the aforementioned means. As
described supra, the processing system 114 can include the
media player 602, the video decoder 222/430/440, the 2D and
depth frames extractor 224, the 2D frame processor 432, the
depth frame processor 442, the 3D view synthesizer 226/434,
the 3D display 436, the WiFi 604, the filter 606, the decode
filter 608, the MMS-3D filter 610, the DIBR module 612,
and/or the 3D display driver 614. As such, in one configura-
tion, the aforementioned means may be the media player 602,
the video decoder 222/430/440, the 2D and depth frames
extractor 224, the 2D frame processor 432, the depth frame
processor 442, the 3D view synthesizer 226/434, the 3D
display 436, the WiFi 604, the filter 606, the decode filter 608,
the MMS-3D filter 610, the DIBR module 612, and/or the 3D
display driver 614 configured to perform the functions recited
by the aforementioned means.

It is understood that the specific order or hierarchy of steps
in the processes disclosed is an illustration of exemplary
approaches. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged. The accompanying method claims
present elements of the various steps in a sample order, and
are not meant to be limited to the specific order or hierarchy
presented.

The previous description is provided to enable any person
skilled in the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects. Thus, the
claims are not intended to be limited to the aspects shown
herein, but is to be accorded the full scope consistent with the
language claims, wherein reference to an element in the sin-
gular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the term “some” refers to one or
more. All structural and functional equivalents to the ele-
ments of the various aspects described throughout this dis-
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closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the claims. No claim element is to be
construed under the provisions of 35 U.S.C. §112, sixth para-
graph, unless the element is expressly recited using the phrase
“means for” or, in the case of a method claim, the element is
recited using the phrase “step for.”

What is claimed is:

1. A method of streaming media content from a streaming
server, comprising:

providing three-dimensional (3D) media content at the
streaming server, wherein the 3D media content at least
includes a two-dimensional (2D) image and a depth map
corresponding to the 2D image;

establishing a streaming session between the streaming
server and a streaming client;

compressing the 2D image into a first stream using first
encoding options;

compressing the depth map into a second stream using
second encoding options different from the first encod-
ing options; and

transmitting the compressed 2D image in the first stream
and the compressed depth map in the second stream to
the streaming client over the streaming session, for
remote rendering and display of a 3D image,

wherein the streaming session comprises a real time
streaming protocol (RTSP) session, and wherein the
compressed 2D image in the first stream and the com-
pressed depth map in the second stream are streamed on
different real-time transport protocol (RTP) ports of the
same RTSP session.

2. The method of claim 1, further comprising rendering the

media content for local playback at the streaming server.

3. The method of claim 2, wherein the rendering comprises
rendering the 2D image based on the 3D media content.

4. The method of claim 1, further comprising extracting
information about the media content, adapted to indicate that
the media content comprises 3D content.

5. The method of claim 4, wherein the information com-
prises meta-data associated with the media content.

6. The method of claim 4, further comprising transmitting
the information about the media content to the streaming
client over the streaming session.

7. The method of claim 6, wherein the transmitting of the
information about the media content comprises providing an
information element in a session description protocol (SDP)
description of the media content.

8. The method of claim 1, further comprising synthesizing
the depth map from the 2D image frame.

9. The method of claim 1, further comprising:

synthesizing the depth map from a pair of 2D images
representing a stereoscopic image; and

utilizing one image of the pair of 2D images as the 2D
image.

10. A streaming server, comprising:

a file parser configured to extract 3D media content from a
content source, wherein the 3D media content at least
includes a two-dimensional (2D) image and a depth map
corresponding to the 2D image;

a multimedia messaging services module configured to
establish a streaming session with a streaming client;

a depth estimator configured to compress the 2D image
into a first stream using first encoding options and to
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compress the depth map into a second stream using
second encoding options different from the first encod-
ing options; and

awireless transmitter configured to stream the compressed

2D image in a first stream and the compressed depth map
in a second stream to the streaming client over the
streaming session,

wherein the multimedia messaging services module is con-

figured to establish a real time streaming protocol
(RTSP) session with the streaming client, and wherein
the wireless transmitter is configured to stream the com-
pressed 2D image in the first stream and the compressed
depth map in the second stream on different real-time
transport protocol (RTP) ports of the same RTSP ses-
sion.

11. The streaming server of claim 10, further comprising a
memory, wherein the content source comprises the memory.

12. The streaming server of claim 10, wherein the file
parser is further configured to extract meta-data correspond-
ing to the 3D media content from the content source.

13. The streaming server of claim 12, wherein the multi-
media messaging services module is further configured to
send the meta-data to the streaming client over the streaming
session.

14. The streaming server of claim 10, further comprising:

a display device; and

a tap-out module configured to branch the 3D media con-

tent to the display device.

15. A method of wireless communication, comprising:

receiving media content at a streaming client from a

streaming server over a wireless streaming session,
wherein the media content comprises a two-dimensional
(2D) image stream and a separate corresponding depth
map stream, wherein a 2D image and a corresponding
depth map are separately and respectively compressed
into the 2D image stream and depth map stream using
different encoding options,

wherein the wireless streaming session comprises a real

time streaming protocol (RTSP) session, and wherein
the compressed 2D image stream and the compressed
depth map stream are received on different real-time
transport protocol (RTP) ports of the same RTSP ses-
sion;

synthesizing a three-dimensional (3D) image based on the

2D image stream and the depth map stream; and
rendering the 3D image on a display.

16. The method of claim 15, further comprising receiving
information about the media content from the streaming
server.

17. The method of claim 16, wherein the information com-
prises meta-data adapted to indicate that the media content
comprises 3D content.

18. The method of claim 15, wherein the synthesizing
comprises utilizing depth information based rendering
(DIBR) to produce a stereoscopic image representing the 3D
image.

19. A streaming client, comprising:

awireless receiver configured to receive three-dimensional

(3D) media content from a streaming server, wherein the
3D media content comprises a two-dimensional (2D)
image stream and a separate corresponding depth map
stream, wherein a 2D image and a corresponding depth
map are separately and respectively compressed into the
2D image stream and the depth map stream using dif-
ferent encoding options, wherein the wireless streaming
session comprises a real time streaming protocol (RTSP)
session, and wherein the wireless receiver is configured
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to receive the compressed 2D image stream and the
compressed depth map stream on different real-time
transport protocol (RTP) ports of the same RTSP ses-
sion;

a depth image based rendering (DIBR) module for gener-

ating a stereoscopic image that includes a left view and
a right view based on the 2D image stream and the
corresponding depth map stream; and

a display driver for rendering the stereoscopic image on a

display.

20. An apparatus for streaming media content from a
streaming server, comprising:

means for providing three-dimensional (3D) media content

at the streaming server, wherein the 3D media content at
least includes a two-dimensional (2D) image and a depth
map corresponding to the 2D image;

means for establishing a streaming session between the

streaming server and a streaming client;
means for compressing the 2D image into a first stream
using first encoding options and for compressing the
depth map into a second stream using second encoding
options different from the first encoding options; and

means for transmitting the compressed 2D image in the
first stream and the compressed depth map in the second
stream to the streaming client over the streaming ses-
sion, for remote rendering and display of a 3D image,

wherein the streaming session comprises a real time
streaming protocol (RTSP) session, and wherein the
compressed 2D image in the first stream and the com-
pressed depth map in the second stream are streamed on
different real-time transport protocol (RTP) ports of the
same RTSP session.

21. The apparatus of claim 20, further comprising means
for rendering the media content for local playback at the
streaming server.

22. The apparatus of claim 21, wherein the means for
rendering comprises means for rendering the 2D image based
on the 3D media content.

23. The apparatus of claim 20, further comprising means
for extracting information about the media content, adapted
to indicate that the media content comprises 3D content.

24. The apparatus of claim 23, wherein the information
comprises meta-data associated with the media content.

25. The apparatus of claim 23, further comprising means
for transmitting the information about the media content to
the streaming client over the streaming session.

26. The apparatus of claim 25, wherein the means for
transmitting the information about the media content com-
prises means for providing an information element in a ses-
sion description protocol (SDP) description of the media
content.

27. The apparatus of claim 20, further comprising means
for synthesizing the depth map from the 2D image frame.

28. The apparatus of claim 20, further comprising:

means for synthesizing the depth map from a pair of 2D

images representing a stereoscopic image; and

means for utilizing one of the pair of 2D images as the 2D

image frame.

29. An apparatus for wireless communication, comprising:

means for receiving media content at a streaming client

from a streaming server over a wireless streaming ses-
sion, wherein the media content comprises a two-dimen-
sional (2D) image stream and a separate corresponding
depth map stream, wherein a 2D image and a corre-
sponding depth map are separately and respectively
compressed into the 2D image stream and the depth map
stream using different encoding options, wherein the
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wireless streaming session comprises a real time stream-
ing protocol (RTSP) session, and wherein the means for
receiving is for receiving the compressed 2D image
stream and the compressed depth map stream on differ-
ent real-time transport protocol (RTP) ports of the same
RTSP session;

means for synthesizing a three-dimensional (3D) image
based on the 2D image stream and the depth map stream;
and

means for rendering the 3D image on a display.

30. The apparatus of claim 29, further comprising means
for receiving information about the media content from the
streaming server.

31. The apparatus of claim 30, wherein the information
comprises meta-data adapted to indicate that the media con-
tent comprises 3D content.

32. The apparatus of claim 29, wherein the means for
synthesizing comprises means for utilizing depth information
based rendering (DIBR) to produce a stereoscopic image
representing the 3D image.

33. A non-transitory computer-readable medium storing
computer executable code comprising:

code for providing three-dimensional (3D) media content

at a streaming server, wherein the 3D media content at
least includes a two-dimensional (2D) image and a depth
map corresponding to the 2D image;

code for establishing a streaming session between the

streaming server and a streaming client;

code for compressing the 2D image into a first stream using

first encoding options;

code for compressing the depth map into a second stream

using second encoding options different from the first
encoding options; and
code for transmitting the compressed 2D image in the first
stream and the compressed depth map in the second
stream to the streaming client over the streaming ses-
sion, for remote rendering and display of a 3D image,

wherein the streaming session comprises a real time
streaming protocol (RTSP) session, and wherein the
compressed 2D image in the first stream and the com-
pressed depth map in the second stream are streamed on
different real-time transport protocol (RTP) ports of the
same RTSP session.

34. The computer-readable medium of claim 33, further
comprising code for rendering the media content for local
playback at the streaming server.

35. The computer-readable medium of claim 34, wherein
the code for rendering comprises code for rendering the 2D
image based on the 3D media content.

36. The computer-readable medium of claim 33, further
comprising code for extracting information about the media
content, adapted to indicate that the media content comprises
3D content.

37. The computer-readable medium of claim 36, wherein
the information comprises meta-data associated with the
media content.

38. The computer-readable medium of claim 36, further
comprising code for transmitting the information about the
media content to the streaming client over the streaming
session.

39. The computer-readable medium of claim 38, wherein
the code for transmitting the information about the media
content comprises code for providing an information element
in a session description protocol (SDP) description of the
media content.
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40. The computer-readable medium of claim 33, further
comprising code for synthesizing the depth map from the 2D
image.

41. The computer-readable medium of claim 33, further
comprising:

code for synthesizing the depth map from a pair of 2D

images representing a stereoscopic image; and

code for utilizing one of the pair of 2D images as the 2D

image.

42. A non-transitory computer-readable medium storing
computer executable code, comprising:

code for receiving media content at a streaming client from

a streaming server over a wireless streaming session,
wherein the media content comprises a two-dimensional
(2D) image stream and a corresponding depth map
stream, wherein a 2D image and a corresponding depth
map are separately and respectively compressed into the
2D image stream and the depth map stream using dif-
ferent encoding options, wherein the wireless streaming
session comprises a real time streaming protocol (RTSP)
session, and wherein the code for receiving includes
code for receiving the compressed 2D image stream and
the compressed depth map stream on different real-time
transport protocol (RTP) ports of the same RTSP ses-
sion;

code for synthesizing a three-dimensional (3D) image

based on the 2D image stream and the depth map stream;
and

code for rendering the 3D image on a display.

43. The computer-readable medium of claim 42, further
comprising code for receiving information about the media
content from the streaming server.

44. The computer-readable medium of claim 43, wherein
the information comprises meta-data adapted to indicate that
the media content comprises 3D content.

45. The computer-readable medium of claim 42, wherein
the code for synthesizing comprises code for utilizing depth
information based rendering (DIBR) to produce a stereo-
scopic image representing the 3D image.

46. An apparatus for streaming media content from a
streaming server, comprising:

a processor and a memory coupled to the processor,

wherein the processor is configured to:

provide three-dimensional (3D) media content at the
streaming server, wherein the 3D media content at
least includes a two-dimensional (2D) image and a
depth map corresponding to the 2D image;

establish a streaming session between the streaming
server and a streaming client;

compress the 2D image into a first stream using first
encoding options;

compress the depth map into a second stream using
second encoding options different from the first
encoding options; and

transmit the compressed 2D image in the first stream and
the compressed depth map in the second stream to the
streaming client over the streaming session, for
remote rendering and display of a 3D image,

wherein the streaming session comprises a real time
streaming protocol (RTSP) session, and wherein the
compressed 2D image in the first stream and the com-
pressed depth map in the second stream are streamed
on different real-time transport protocol (RTP) ports
of the same RTSP session.

47. The apparatus of claim 46, wherein the processing
system is further configured to render the media content for
local playback at the streaming server.



US 9,351,028 B2

17

48. The apparatus of claim 47, wherein the rendering com-
prises rendering the 2D image based on the 3D media content.

49. The apparatus of claim 46, wherein the processing
system is further configured to extract information about the
media content, adapted to indicate that the media content
comprises 3D content.

50. The apparatus of claim 49, wherein the information
comprises meta-data associated with the media content.

51. The apparatus of claim 49, wherein the processing
system is further configured to transmit the information about
the media content to the streaming client over the streaming
session.

52. The apparatus of claim 51, wherein the transmitting of
the information about the media content comprises providing
an information element in a session description protocol
(SDP) description of the media content.

53. The apparatus of claim 46, wherein the processing
system is further configured to synthesize the depth map from
the 2D image.

54. The apparatus of claim 46, wherein the processing
system is further configured to

synthesize the depth map from a pair of 2D images repre-

senting a stereoscopic image; and

utilize one of the pair of 2D images as the 2D image.

55. An apparatus for wireless communication, comprising:

a processor and a memory coupled to the processor,

wherein the processor is configured to:

receive media content at a streaming client from a
streaming server over a wireless streaming session,
wherein the media content comprises a two-dimen-
sional (2D) image stream and a separate correspond-
ing depth map stream, wherein a 2D image and a
corresponding depth map are separately and respec-
tively compressed into the 2D image stream and the
depth map stream using different encoding options,
wherein the wireless streaming session comprises a
real time streaming protocol (RTSP) session, and
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wherein the code for receiving includes code for
receiving the compressed 2D image stream and the
compressed depth map stream on different real-time
transport protocol (RTP) ports of the same RTSP ses-
sion;

synthesize a three-dimensional (3D) image based on the
2D image stream and the depth map stream; and

render the 3D image on a display.

56. The apparatus of claim 55, wherein the wireless stream-
ing session comprises a real time streaming protocol (RTSP)
session and the compressed 2D image stream and the com-
pressed depth map stream are received on different real-time
transport protocol (RTP) ports of the same RTSP session.

57. The apparatus of claim 55, wherein the processor is
further configured to receive information about the media
content from the streaming server.

58. The apparatus of claim 57, wherein the information
comprises meta-data adapted to indicate that the media con-
tent comprises 3D content.

59. The apparatus of claim 55, wherein the synthesizing
comprises utilizing depth information based rendering
(DIBR) to produce a stereoscopic image representing the 3D
image.

60. The method of claim 1, wherein the streaming server is
a mobile device.

61. The method of claim 1, further comprising:

extracting a stereoscopic image that includes a left view

and a right view from the 3D media content; and
generating the 2D image and the depth map based on the
stereoscopic image.

62. The method of claim 1, wherein compressing the depth
map into a second stream using second encoding options
different from the first encoding options comprises increasing
the QP value for the chroma component of the depth map, and
inserting an Intra (I) frame at regular intervals utilizing H.264
encoding.



